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ABSTRACT 
Distalization of molars plays an important role in many 
orthodontic mechanotherapy systems. A number of authors over the last 
twenty years have discussed unilateral extra-oral mechanics, either 
from a mechanical or clinical point of view (3,5,6,7,8,12,19,20,35). 
The purpose of this investigation was to ·evaluate clinically two uni-
lateral extra-oral appliances. 
Up to 153 days of therapy on 32 patients is neither enough time 
nor sufficient number of cases to completely describe the effects of 
these two systems. However, some very interesting results were obtained 
from this study. Assynnnetrical distalization can definitely be accom-
plished by either the ACCO-NWHG appliance or the assymmetrical cervical 
traction gear as described in this paper. While the ACCO worked more 
quickly than the cervical gear, it did so at the expense of distal crown 
tipping. Neither appliance acted 100 percent unilaterally. 
4 
TABLE OF CONTENTS 
Page 
Title 
-----------------------------------------------------
1 
Reader's Approval 
-------------------------------------------
2 
Acknowledgements 
---------------------.... ---------------------
3 
Abstract 
--------------------------------------------------
4 
Table of Contents 
----------------------------------------.-
5 
Introduction 
------------------------------------..-.---------
6 
Literature Review------------------~---------------~------ 7 
Methods and Materials 
--------------------------------------
42 
Results 
----------------------------------------------------
45 
Discussion 
------------------------------------------------
47 
Bibliography 
----------------------------------------------
53 
5 
INTRODUCTION 
Unilateral distalization of posterior teeth at times plays a 
significant role in orthodontic therapy. One example of a factor lead-
ing to the need for a unilateral distalizing force is a prematurely 
lost deciduous molar which allows mesial permanent molar migration. 
Many biomechanical approaches have been utilized for molar 
distalization. For instance, several types of extra-oral appliances 
have been proposed for unilateral molar movement. While some authors 
suggest that a removable appliance such as the ACCO is the most effi-
cient, (5,6,7), others contend that a modification of the standard 
Kloehn extra-oral assembly will resolve the problem quite adequately (13, 
21,36,40). 
Most studies are directed at either a mathematical, mechanical 
or typodont analysis of the cervical face bow assembly. (8,13,20,21,36, 
40) Articles covering the ACCO removable appliance mainly outline its 
construction, indications, and use. (5,6,7) This study was therefore de-
signed to examine and quantitate the actions of the modified cervical 
traction gear and the ACCO appliance for unilateral molar distalization 
on a clinical level. 
' 
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REVIEW OF THE LITERATURE 
While this thesis deals with unilateral headgear mechanics, the 
literature review will contain an abstract of general headgear effects 
and specific responses to various types of headgear. 
The greatest percentage of orthodontic cases fall into three 
categories: class II malocclusion with teeth and/or jaws too far forward, 
class I malocclusion with upper and/or lower crowding, or class I bi-
maxillary protrusion. (1) In other words, many malocclusions have a 
• 
mesial drifting of posterior teeth in either or both arches. Therefore 
anchorage, whether intra- or extra-oral, plays an important roll in ortho-
dontic therapy. 
Webster defines anchorage as "a secure hold sufficient to resist 
a heavy pull." Orthodontic anchorage is intimately involved with biologic 
response of bone, periodontal ligament, and cementum as they react to ex-
ternal mechanical forces applied by the orthodontic appliance. (2) 
Final facial form is determined by individual bone morphology, 
bone interrelationships, relative locations of various growth sites to 
each other and the rates and amount of bone growth. (38) As the maxilla 
is propelled downward and forward in relation to the rest of the skull 
through sutural growth, the primary growth sutures are therefore thought to 
be the pterygopalatine, zygomaticomaxillary, and frontomaxillary. Accord-
ing to Scott, the cartelagenous nasal septum may also play an important 
role. (51) According to Holdaway, the most important factors in our 
creating facial harmony and stable results are alteration in orientation 
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of apical bases through mandibular growth response and inhibition of 
growth centers related to forward growth of the maxilla. (24) Facial 
patterns can only be favorably altered if we can orthodontically affect 
growth rates or the relationship of the various growth sites to one anoth-
er. Orthodontic therapy does not always favorably influence developing 
facial patterns. The patient must have genetic potential for favorable 
growth before we can improve the interrelationship of various bones in 
the facial complex, according to Moore. (38) 
Since class II malocclusions cocprise a large percentage of ortho-
dontic deformities, correction of this condition is of interest to all 
orthodontists. The literature focuses on various ways of correcting a 
class II malocclusion to a class I occlusion. Moore suggests nine possible 
methods: inhibit forward maxillary growth, inhibit forward movement of 
maxillary teeth, alter normal eruption pattern of maxillary teeth, move 
maxillary teeth posteriorly, stimulate horizontal and vertical growth of 
the mandible, alter eruption pattern of mandibular teeth, move mandibular 
teeth forward on the skeletal base, reposition the mandible forward, and 
create space to move teeth by selective extraction. (37) 
Extra-oral force can play a role in all of the above methods. The 
two primary uses of extra-oral force in orthodontics are anchorage support 
and correction of dental relationships. Extra-oral sources of anchorage 
are limited to the calvarium and cervical spine areas. 
Kneisel introduced headcap therapy to orthodontics in 1836. Head-
caps similar to those usad today were first advanced by Kingsley in 1875. 
In the 1930's Oppenheim demonstrated distal molar and bicuspid movement, 
and thus advocated extra-oral (headcap) anchorage for treatment of class 
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II, division 1 cases. (27) He stressed use of extremely light and inter-
mittent (nightly only) forces for mass tooth movement. 
Most contemporary interest in extra-oral forces was initiated in 
1947 when Kloehn reported the use of an occipital headgear attached to a 
heavy upper arch wire to produce reasonably well controlled forces. Gra-
ber modified this technique with a cervical strap, but produced marked 
molar tipping. (44) Kloehn later modified his headgear by soldering the 
inner and outer bows to produce the now familiar "face-bow." (44) Molar 
angulation could now be controlled with a cervical-gear. 
Holdaway in 1956 and Klein in 1957 were the first to demonstrate 
that headcap therapy caused skeletal changes in addition to tooth move-
ment. (24,28) Sassouni conclused that antero-posterior and vertical 
facial proportions could be radically changed by modit'ying size, shape, 
and position of the maxilla and mandible by orthopedic forces. (48) 
Moore feels that extra-oral force to the maxilla, as applied to the sut-
ures, is transmitted to other cranial and facial growth sites. Extra-
oral forces, therefore, can apparently affect horizontal growth vectors. 
(38) Moore also showed that a distal force to the maxillary teeth caused 
distal tooth movement. (38) Thus he distinguished between tooth movement 
(orthodontic effect) and the ability to influence growth (orthopedic ef-
fect). Graber feels that heavy, interrupted forces are too great for 
tooth movement, but that growth can be retarded. Damon, with similar 
mechanics, de~onstrated orthopedic and orthodontic effects. (12) Haas 
feels that an inhibitive orthopedic force (heavy extra-oral force) exerts 
three probable effects: retard anterior-posterior growth, lessen bone 
mass by resorption of articulations with other bones, and channel some 
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percentage of suppressed horizontal growth into increased vertical growth 
components. (25) The following authors agree that norMal forward growth 
of the maxilla can be inhibited by extra-oral traction: Damon, Epstein, 
Graber, Haas, King, Klein, Kloehn, Moore, Poulton, Sandusky, Sassouni, 
and Weislander. (46,28,29,48,18) 
Poulton points out that any orthopedic changes due to headgear is 
obscured by normal growth if therapy is over a long period of time and 
treatment mechanics are not very active. He feels that since the absolute 
size of the orthopedic changes are small compared to tooth movement, ortho-
pedics is not of any real assistance in the correction of class II mal-
occlusions. (43) Merrifield also feels that tooth movement plays a much 
more important role than orthopedics. (32) Perhaps the oft-repeated 
phrase, "the effects of orthodontic treatment are limited to the teeth and 
alveolar process," still embodies the greater part of truth clinically. 
Poulton, Moore and Ricketts doubt that extra-oral force to the 
free-floating mandible can accelerate or retard growth. Poulton and Rick-
etts also feel that while the direction of growth may be influenced, the 
underlying basic facial pattern predominates. (43,45) 
Just as untreated class II molar relationships do not self correct 
in spite of good mandibular growth, orthodontically corrected molar re-
lationships do not deteriorate subsequent to treatment. Poulton has shown 
that molars and incisors continue to move forward from their treated posi-
tions only at about the same rate that teeth move forward in untreated 
cases. (44) Moore, on the other hand, recommends headgear retention until 
growth ceases if unfavorable growth patterns cause relapse following treat-
ment. (39) Watson lists four reasons for occlusal rebound within one to 
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three months of active headgear therapy: sutural adjustment, bone re-
modeling, deposition of bone, and periodontium and bone-bending changes. 
He recommends one to three months of headgear wear nightly once correct 
occlusal relationships are obtained. (53) 
Another consideration related to the effects of extra-oral trac-
tif'•n is its influence on vertical molar position and mandibular rotation. 
The relative vertical eruption of posterior teeth is an important factor 
in establishing molar relationships. In fact, Harvold demonstrated 
through primate experiments that a class II malocclusion can be produced 
by maxillary buccal teeth extrusion alone. (23) While posterior tooth 
• 
eruption is the most manageable factor in the overall control of the 
anterior vertical dimension of the lower face, individuals vary in their 
ability to resist it. The greater the time an extrusive force is placed 
on the posterior teeth, the less probable these teeth can resist total 
net eruption. Therefore, masticatory musculature in its antagonistic 
action to an eruptive force is a dominant consideration. (30) 
According to Schudy, molars of low mandibular plane angled cases 
are more difficult to extrude than molars of high angle cases. (4) Kuhn 
has shown that recovery of posterior tooth eruption by the muscles of 
mastication occurs more readily if the headgear is worn to molars only 
versus to segments or f'ull arches of teeth. (30) 
Upper molar extrusion is desirable in some skeletal closed bites 
and class III malocclusions. However, mandibular backward rotation due 
to molar extrusion can lead to open-bite, movement of "B" point or pogo-
nion distally, and overall increase in class II facial and occlusal char-
acteristics. (53) 
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Upper molar extrusion is the greatest influence on mandibular 
rotation according to Watson. Ramus height is the second greatest in-
fluence while lower molar height is 'the third. (53) Ricketts feels two 
factors related to neurophysiology are reason for mandibular rotations: 
proprioceptive factors--patient avoids closing on abnormally mobile and 
sore teeth: the muscle pattern and character of muscles of mastication--
this is the predominant factor probably. (45) Sassouni feels that mandi-
bular rotation is ultimately due to condyles not growing the same amount 
and at the same time as the molars are extruded. (48) Molar extrusion of 
one milimeter can cause between one and three milimeters of mandibular 
• 
rotation. (4,30) As the chin drops down or down and back, the upper mo-
lar must move a greater distance to attain class I relationship. The 
following authors feel that upper molar extrusion leads to a lack of for-
ward movement of the mandible: Barton, King, Kuhn, Schudy, Watson, and 
Weislander. (46,4,30,53) 
To fully understand the properties of an extra-oral appliance, 
one must be able to critically analyze the vectors involved. In fact a 
clear understanding of vector analysis is vital to all orthodontic techni-
ques. Three characteristics that affect the performance of any appliance 
are magnitude of force, position of the line of action of a force, and 
direction of force. (13) Any force system is active in three perpendicular 
planes: sagittal- with a mesial or distal force component: coronal- with a 
vertical force component; and occlusal- with a lateral force component. 
The center of resistance or rotation of a tooth can be defined as 
the point of greatest resistance to movement. (40) While its exact loca-
tion is unknown, Oosthuizen, Greenspan and Gould feel that the center of 
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rotation lies at the junction of the middle and cervical thirds of the 
root (tri:f'urcation area of the upper first molar). (40,19,17} Poulton 
designated the geometric center of the maxilla, located between the roots 
of the premolars, as the center of resistance of the upper arch. (4) 
According to Oosthuizen, an extra-oral headgear assembly can be 
regarded as a rigid system even though elastic deformation does take 
place with activation. (40) Gould even feels that the tooth, band, and 
traction arch constitute a rigid body once an elastic force is applied. 
(17) Therefore, vector analysis is a valid method of determining the 
direction of force as applied by an extra-oral appliance. The direction 
of the headgear pull is very important in controlling the balance between 
horizontal and vertical movements of the upper arch. The line of traction 
of a force is defined as a line fron the point of origin of the force to 
the attachment on the arch wire. The resultant force components on a 
tooth are determined by the relationship of the line of force to the cen-
ter of resistance. These components can be altered to achieve t i pping or 
bodily movements. 
Bodily movement is produced if the line of action of a force pass-
es through the center of resistance. Therefore, distal pull to the upper 
' 
teeth should be aligned through the center of the maxillary root mass to 
avoid tipping of the upper arch. Rotational or tipping Dotion of a tooth 
is governed by the relation of the line of force to the center of rotation. 
The tipping force increases as the line of traction is coved further from 
the center of rotation. 
An extrusive component is due to the point of origin of force be-
low the center of resistance. Its magnitude is usually altered as adjust-
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ments are made to control tipping. An intrusive component is developed 
when the point of origin of force is above the center of resistance. 
The type of headgear dictates the main components of force. (19) 
However, with almost any form of extra-oral anchorage, teeth always tend 
to move distally, regardless of other movements. (17) With the conven-
tional face-bow, the inclination of the line of traction can be altered 
by variations in the position of the outer bow hooks. Bending bow arms 
up or down directs force to or away from the axis or rotation, depending 
on the pull from the particular style headgear. (19) 
Control of tipping versus bodily movement is within the hands of 
• 
the operator and not due to individual characteristics of the patient, 
according to Klein. (28) Kloehn, on the other hand, explains why extra-
oral force applied with identical mechanics can lead to different results 
in different individuals. He lists six patient and malocclusion variants: 
facial growth pattern, occlusal plane inclination, functional stroke of 
the mandible, patient cooperation, appliance construction, and the ortho-
dontist's skill in adjustment of the appliances. (29) Block gives five 
factors which can affect headgear results: sleeping only on one side, un-
usual neck contours, improper gear placement by the patient leading to 
unequal tension, distortion of the facebow or labial arch, and occlusion. 
(8) Adverse effects of extra-oral traction, therefore, result from dis-
regard for basic biomechanical principles governing the direction of applied 
force. The most common untoward effects are molar tipping and extrusion. 
(19) 
Kloehn mentions three requirements for successful treatment with 
extra-oral appliances: sufficient force, sufficient tirne and desired direc-
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tion. (29) Since patient cooperation is a big factor, a comfortable 
appliance is also a requirement. Three factors effect prompt and success-
ful correction of skeletodental malocclusion, according to King, Poulton, 
and Moore: growth, mechanical therapy, and daily wear. King feels that 
treatment should be started early in proportion to the severity of the 
case, since the longer the treatment time, the more changes that can be 
effected. (26) Sandusky agrees with Tweed that early classification of 
growth trends are important so that maxillary forward movement can be re-
duced early in class II correction. (49) 
Weislander likes treating skeletal malocclusions during the mixed 
dentition stage since sutural growth is very active, and the bones of the 
face and cranium are most subject to adjustment. (54) Poulton emphasizes 
the fact that mandibular growth rate has a tremendous effect on the speed 
of class II correction, while upper face growth is not really critical to 
speed of treatment. (43) Merrifield states that there is rarely over five 
milimeters of horizontal growth of the mandible within a two year treat-
ment period. (32) 
Graber points out a clear correlation between pubertal growth 
spurt and response to mechanotherapy. (18) He feels that best results are 
obtained between the ages of ten and thirteen in females and twelve and 
seventeen in males. Klein feels that while growth is not necessary, it 
does facilitate upper molar movement. (28) King's results confirm the 
feelings of Brodie, Downs, Goldstein, Funk, Newcomb, and Graber, that in 
fact, growth, not actual tooth movement, is the prime ingredient for 
successful correction of class II malocclusions. (27) Without growth 
treatment lags and compromises in results and methods must be made. (39) 
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Most authors including Kloehn, King, Armstrong, and Poulton feel the best 
time to commence treatment is the late mixed dentition period. (29,26,42) 
They feel that tissue response to extra-oral gear is most rapid during 
this stage. Therefore, the total amount of appliance wear should be re-
duced. Also greatest patient cooperation seems to occur at this age lev-
el. While the rate of tooth movement varies from patient to patient, sub-
stantial visible tooth movement is also apparent during a shorter treat-
ment period during this mixed dentition stage. (26,1) 
Another benefit of treating during the mixed dentition period is 
the migration of unerupted premolars with the distal moving molars and 
. 
incisors. (43,1) These premolars erupt in a distal direction, and thus 
lessen the ~ount of mechanics needed to distalize them. This is a form 
of preventive orthodontics. Miller feels that if one tries to increase 
arch length early, before cuspids and bicuspids erupt, the likelihood of 
a permanent increase in this arch length is improved. (33) Armstrong also 
feels it is easier to treat class II malocclusions before cuspids and 
second molars erupt. (1) Ricketts states that upper first molars appear 
to distalize easier before upper second molars have erupted. (45) While 
erupted second molars may tend to roll or tip buccally during extra-oral 
mechanics to the first molars, if the second molars have not yet erupted, 
they will move distally with little tendency to roll or tip according to 
Armstrong. (1) 
Treatment during adult or late permanent dentition is limited pure-
ly to tooth movement, since little or no growth can be expected. It is 
too late to influence the basic facial pattern. (37) Holdaway summarizes 
the types of cases which cannot be treated to a favorable zero to four de-
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gree ANB range: all females over thirteen years, all males over sixteen 
years, patients younger than above if they have obviously had earlier 
than normal maturation rates, ANB angles over nine degrees, and ANB angles 
over five degrees if the mandibular plane to cranial base angle is over 
forty degrees. (24) 
King points out that the duration and regularity of pressure from 
the neckband in a cervical gear is more important than the amount of 
pressure applied. He feels that at least twelve hours per day of head-
gear wear is needed for orthopedic changes. (26) Watson's prescription 
for rapid orthopedic correction of class II skeletodental malocclusion 
consists of headgear wear of eighteen to twenty-two hours per day for six 
to nine months followed by nightly wear to prevent rebound once the occlu-
sion is corrected. He uses a force of six hundred to one thousand grams 
per side. (53) This is a similar force as recommended by Graber for ortho-
pedic changes. (18) Armstrong uses double this force at times. (1) Gould, 
on the other hand, states that eight hours per day gives satisfactory 
orthodontic movement. (17) He therefore feels that less force duration is 
needed just to move teeth . 
.. 
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CERVICAL TRACTION GEAR 
The cervical traction gear (CTG) is the most popular form of 
extra-oral appliance in orthodontics today. Klein feels that this gear 
can possibly correct a class II malocclusion in one or all of the follow-
ing ways: upper molar moved distally, maxillary forward growth altered, 
or maxillary molar held in place within the apical base while the lower 
molar moves down and forward with the mandible. (28) 
Creekmore feels that the cervical gear inhibits forward growth 
of the middle face. He bases this on the fact that the maxilla fails to 
grow forward as much as the upper and lower face when CTG is utilized. 
(11) Ringenberg, however, feels that ANB reduction is due to distal en 
masse movement of the maxilla. Ricketts showed little or no forward 
movement of ANS with the CTG. He and Klein also showed that the palatal 
plane and point A were altered even though no forces were directly on the 
anterior teeth. (28,46) Ricketts points out that while point A is some-
what related to incisor eruption and torque, it is mostly representative 
of changes in the middle face. (45) There is a significant reduction in 
ANB in a growing face due to a decrease in SNA according to Creekmore. (11) 
Ringenberg, Blueher, King, Klein, Moore, Sandusky, and Weislander also 
feel that SNA is reduced with the CTG. (46) 
Weislander gave evidence that orthodontic therapy may influence 
the :f'uture growth pattern of the entire craniofacial complex, not just the 
dentoalveolar area of the face • . He showed that the CTG affected both the 
maxilla and the sphenoid bone to produce an actual change in the direction 
of growth of the maxilla and surrounding bones. (53) Weislander thus 
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demonstrated a much greater influence by the CTG on the facial complex 
than generally reported in the literature. He deduced that the sphenoid 
bone was caused to rotate clockwise. Sandusky agreed that the maxilla 
was less forward in the facial complex due to CTG due to a change in di-
rection of growth, not morphology. (49) He felt this sphenoid rotation 
played a role only if headgear wear was lengthy and in you.,.~ger age pa-
tients. Weislander, Sandusky, and Ricketts also found the pterygomaxil-
lary fissue to descend more posteriorly in the CTG treated patients. 
They thus felt that the entire maxilla, not just the alveolus, was being 
positioned relatively more down and back than control groups. Poulton, 
however, feels that these changes, so remote from the teeth under treat-
ment, are too small to be of clinical significance. (44) 
Merrifield explains the downward and back"1ard movement of the 
maxilla due to the fact that the CTG directional force co~oresses the 
pterygopalatine suture, shears the zygomaticomaxi llar:; suture, and puts 
tension on the frontornaxillary suture. (32) Sproule de~onstrated histo-
logic changes in monkeys due to a CTG. He shows adautive resorption at 
the junction of the tuberosity, pterygoid plates, and the pyre..-.tldal pro-
cess. Resorption takes place on the surfaces of the vomer , palatine bone , 
and sphenoid. Where the bite opened severely, there vas also resorption 
on the posterior border of the ramus and areas of the temporo~andibular 
joint along with distal uprighting of mandibular teeth. (52) 
Mitani claims that growth was delayed or decreased at the tuber-
osity, one of the main growth sites of the maxilla . He demonstrated a 
significant decrease in the normal enlargement of the distances pterygo-
maxillary fissure to point A and pterygomaxillary fissure to upper first 
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molar with CTG use. Therefore, the total apical base area growth was 
affected. The anterior apical base was only minorly affected by a ten-
dency to be flattened. {35) 
Ringenberg, Blueher, Klein, Mays, Sandusky, and Droschl demon-
strated a possible distal tipping movement of the maxilla. (46,14) Droschl 
showed a rotational effect on the nasomaxillary complex due to heavy con-
tinuous forces. The maxilla rotated clockwise around an axis projected 
in the zygomatic process. He also demonstrated compression of the maxil-
la antero-posteriorly, retarded eruption of maxillary teeth, distal and 
tipping movement of upper molars and incisors, and dishing in of soft-
tissue. Therefore, orthopedic forces clearly affected horizontal and 
vertical growth vectors. (14) 
Funk, in his study of mandibular response to CTG therapy, found 
that maxillary forward growth was inhibited. Upper molars and incisors 
were also distalized. (16) Blueher gets more specific in finding that al-
veolar process retardation is greater in female than male patients. He 
attributes this finding to the fact that SNA increases more in good oc-
clusions in males than in females according to Carlson and Clements. (9) 
Sproule found distal bodily movement of maxillary teeth and alveolar bone. 
(52) 
While Kloehn found inhibition of dental arch and alveolar process 
forward growth in many cases, distal movement of maxillary teeth was ac-
complished in all cases treated with the CTG. {29) King and Epstein em-
phasize retardation of alveolus and teeth relative to the bony profile.(27) 
King shows that teeth are also moved and held back relative to a forward 
growing maxilla. (26) 
20 
Haas points out that the CTG attached to only molars leads to 
more tooth movement than orthopedics since anchorage is weak. (55) Gra-
ber feels that most class II correction is due to molar restraint and 
distal tipping. He also feels that while maxillary alveolar growth can 
be influenced, there is no evidence that basal maxillary growth, per se, 
is affected. (18) 
According to Barton, the CTG is the treatment of choice in cases 
with a closed bite and low mandibular plane angle where extrusion of the 
upper first molar is indicated. (4) Klein showed that the upper first 
molar can extrude due to growth, CTG or both. (28) Ringenberg demonstrat-
• 
ed nonsignificant molar extrusion with a single arch CTG treatment over 
that of growth. The extrusion was insufficient to cause an increase in 
the Frankfort-Mandibular Plane angle. (46) Poulton, on the other hand, 
feels that molar extrusion from CTG therapy can steepen the mandibular 
growth and position, (42) This mandibular position may be permanent un-
less subsequent growth of the condyle compensates for the extrusion. (53) 
According to Ricketts, the average class II case has four and one-half 
milimeters of condylar growth during treatment. (32) The extrusive force 
of the CTG has worse effects with high mandibular plane angle cases due 
to a difference in directional forces and the angle of the occlusal plane. 
Schudy feels abnormal tongue habits may develop through molar extrusion. 
(4) 
Distal tipping of upper first molars with CTG therapy is reported 
by Epstein, Gould, Klein, King, Newcomb, Poulton, Ricketts, Ringenberg, 
and Weislander. (46,17,43) Graber and Poulton found excessive distal tip-
ping. (18,43) Poulton felt this lessened the headgears influence on un-
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erupted teeth. Graber felt that banding second primary molars, rather 
than permanent first molars, using a deadcap rather than cervical strap, 
or putting compensating bends in the outer bow would reduce the tipping. 
King, Klein, and Ringenberg on the other hand, reported insignificant dis-
tal tipping. Klein reported an average of one-and-two-tenths degrees tip-
ping. (26,28,46) Klein attributed his minor tipping to increased control 
due to full or partial banding of the arch. 
Another area of disagreement among orthodontists, is mandibular 
response to CTG. Blueher and Sandusky found no significant change in 
point B during CTG treatment. (46,9) Ringenberg reports what he calls a 
statistically significant decrease in the FMA angle, a slight increase in 
SNB angle, a.pd no change in facial height. ( 46) Barton explained the lack 
of change in the mandibular plane angle by the theory that the CTG cause 
extrusion of the condyle and molar, thus causing the entire mandible to 
drop straight down rather than rotate. (4) Weislander reported no change 
in mandibular plane angle, pogonion slightly More forward than control 
cases, an inferiorly placed condyle, and a slight increase in lower face 
height. He felt that the ~andible may be induced to swing forward around 
the extruded upper first molar. (54) 
Ricketts, however, found that normal facial angle improvement was 
slightly inhibited. (46) King reported that there was a significant verti-
cal growth exceeding forward growth of the face in non-growing patients 
treated with CTG. Those cases with the largest increase in facial height 
also haye the greatest increase in mandibular plane angle and the least 
favorable pogonion response. (26) While Mitani also reported mandibular 
plane angle opening during treatment, it did tend to return to its original 
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value following therapy. (35) Poulton, Sandusky, and Hanes feel that 
preparation of mandibular anchorage with class III elastics and tip-back 
bends as recommended by Tweed will apparently deter the rotation of the 
mandible. (44,49,22) 
There is also varied explanations of intra-mandibular results 
from CTG therapy. Droschl reports no change in lower incisor angulation, 
while incisor position is inferior due to rotation of the mandible itself. 
(14) Funk found only beneficial improvement to the lower arch. Incisor 
position and angulation was improved. The lower molar uprighted, the arch 
leveled, and the width increased. (16) Ringenberg agreed that incisor 
angulation improved. (46) Ricketts felt that lower incisors were re-
tracted during CTG therapy due to their functioning with retracting upper 
incisors. He reported stability of lower molars versus eruption of con-
trol cases. (45) 
Views difrer as to the rate of the occlusal plane with CTG therapy. 
Epstein, King, Klein, and Ringenberg agree that the occlusal plane either 
remained stable or tipped down very slightly in the anterior. (46) King 
and Klein correlated the slight tipping with less forward positioning of 
pogonion. (26,28) Mitani showed that normal occlusal plane tipping was 
slowed but not inhibited with CTG therapy. {35) Ricketts and Sandusky, 
however, demonstrated larger anterior tipping of the occlusal plane. (46) 
Holdaway and Schudy felt that the occlusal plane tipping was due to upper 
incisor extrusion and distal tipping of the upper molar. (46) Creekmore 
emphasizes that since vertical growth of teeth within individual bases is 
not uniform, the occlusal plane is inadequate as an indicator of tipping 
of the maxillary and mandibular bases. (11) 
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Most authors agree that cervical therapy causes a downward tip-
ping of the anterior palate: Blueher, Klein, Ricketts, Sandusky, Schudy, 
and Weislander. (46,51) Schudy found this tipping to be present whether 
teeth extruded within the maxilla or not. Extrusion of the upper molar 
appears contradictory to downward tipping of the occlusal plane anteriorly. 
However, Sandusky points out that since the palatal plane tips down an-
teriorly, perhaps this causes the occlusal plane to tip down anteriorly 
also. (49) Watson points out that since upper face height in open-bite 
patients is similar to or less than average upper face height, palatal 
plane tipping is beneficial in these cases. He emphasizes that a gingi-
val smile is not produced since the nose and lip follow the tipping maxil-
la. (53) 
Even though the CTG is attached to the upper first molar, Ricketts 
reports distal movement of upper incisors without direct force upon them. 
(45) Ringenberg reported lingual tipping of the incisors. ( 46) Mitani 
reports that at puberty intercanine width increases in treated cases more 
than in control groups, while flattening of the anterior B.!'C causes a 
slight decrease in arch depth. (35) Graber points ou~ that while eruption 
of second molars buccally into crossbite due to CTG therapy at times can 
not be avoided, impaction of second nolars by distal tipping first molars, 
is only temporary. As first molars upri~,t, the second molars will be 
allowed to erupt. (18) 
Many orthodontists use an anterior bite plate along with the CTG 
to help open closed-bites. Newcomb reports that the above comination leads 
to extreme posterior tipping of all maxillary teeth, extreme elongation of 
the upper first molar, and downward and backward rotation of the mandible.(39) 
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Graber found that even if the two appliances allow basal adjustment, ex-
cessive overbite may still not be fully corrected due to lack of control 
over the curve of spee. (18) 
Mays compared the effects of the CTG to upper first molar versus 
the same gear to the anterior segment of the arch wire. He claimed that 
the hook-on headgear caused less molar extrusion, less opening of the 
FMA angle, and less decrease in the SNB angle due to less rotation of the 
mandible. ( 31) 
Graber lists several factors which can effect the results of CTG 
therapy for correction of class II malocclusions: initial growth pattern, 
type and . degree of basal malrelationship, amount of overbite and overJet, 
and the unpr.edictable amount of growth remaining. He also mentions unto-
ward sequelae that are associated with CTG therapy: excessive distal tip-
ping of the upper first molar, i .mpaction of second or third molars, ex-
cessive lingual tipping of upper incisors, unilateral response, and dif-
ficulty in controlling excessive overbite. (18) King lists skeletal open-
bite and large anterior face ~height associated with short posterior face 
height as two contraindications to CTG. (27) Merrifield uses Moore's 
~indings of greater down and back growth patterns in CTG cases than in 
control groups to question the rationale of using this appliance at all. 
Merrifield specifies that this gear should not be used for extended periods 
of time in growing children, since its directional force lies below the 
occlusal plane. Sandusky feels the CTG is contraindicated in cases where 
there is merely a dental protrusion with a low ANB difference and cases 
where the patient is undergoing more rapid forward mandibular than maxil-
lary growth. ( 49) 
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King points out that while the CTG has a slightly less favor-
able direction of pull than a headcap, there is much greater patient 
comfort with the neckstrap. This comfort leads to better cooperation 
and thus compensates for poorer direction. He also lists many indica-
tions for CTG usage: class I malocclusion with spaced and protruding 
upper incisors, class I malocclusion with upper first molars dri~ed for-
ward due to early loss of primary second molars, dental class II maloc-
clusion, skeletal class II malocclusion, class I malocclusion with severe 
lack of arch length, class II malocclusion with severe lack of arch length, 
and class I or II malocclusion with bimaxillary protrusion, (27) There-
fore, the CTG is being used to reinforce intraoral anchorage, restrain 
maxillary dentition during mandibular growth periods, alter eruption pat-
terns of maxillary teeth to a more distoventral direction, and to cause 
distal movement of maxillary teeth within the arch. (47) Ricketts feels 
that is is the ideal method for treating prognathic, closed-bite cases, 
due to its opening effect on the X-Y axis. (45) Creekmore agrees that it 
is best used in low angle facial type patients, since the deep overbite 
correction is too difficult. (11) King also feels that CTG therapy is 
indicated during retention in very dysplastic faces with great relapse 
tendencies. He recommends nightly or alternate night wear for one to two 
years a~er treatnent. (27) 
CTG therapy to the lower first molar, according to Kuhn, is indi-
cated where lower molar anchorage is maximum and vertical tolerance is 
minimum. (30) Merrifield feels the only real indication for this headgear 
is when applied to the lower molar in class III cases. (32) 
The directional force of the CTG is dependent on two factors: cant 
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of the occlusal plane md height of the neck strap. (32) The point of 
origin of force is considered to be relatively constant for each patient, 
since the neckstrap finds a position of anatomical convenience on each 
individual. (40) The neck strap lies at about the height of the second 
to fourth cervical vertebra. The occlusal plane, if extended posteriorly, 
passes through the vicinity of the first cervical vertebra. (32) There-
fore, in the CTG, the point of origin of force is always below the cen-
ter of resistance of the upper first molar. This in turn signifies an 
inherent extrusive component. The magnitude of this extrusive vector is 
altered as adjustments to control tipping are made. As the inclination 
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of the line of traction is increased, the extrusive component increases. 
The higher and longer the outer bow hooks, the greater the extrusive vec-
tor along with distal root tipping and much bodily movement. An intru-
sive vector along with distal molar crovn tipping can only be obrained if 
a long outer bow is bent considerably downward. With the outer bow level 
or below the inner bow, distal eruptive and distal crown rotating compo-
nents are produced. Elevation of the outer bow also has an intrus ive af-
fect on the upper incisor through the arch wire, if it is present. (46) 
The addition of an incisal spur to the CTG increases the molar eruption, 
depresses the upper incisor and tips the occlusal plane or rotates the 
maxilla. (30) 
Outer arm length plays a key role in vector determination. Ex-
ceedingly long or short arms direct the force further from the center of 
rotation and hence increase tipping. A short outer bow is not very versa-
tile. It only allows extrusion and distal crown tipping. (40) 
A design for bodily or translatory movement of the upper first 
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molar adjustment of both length and inclination of outer bow. The direc-
tion of force is best checked with the aid of a lateral headfilm with the 
appliance in place. (19) Gould advises that molar tipping can be diminish~ 
ed by connecting them with the rest of the arch, but that an extrusive 
force is now placed on all the teeth. (17) The best indication of molar 
tipping during therapy is movement of the solder joint toward or away from 
the upper lip with time. As the joint migrates due to untoward tipping, 
the appliance can be properly adjusted to compensate for such action. (40) 
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ASSYMETRICAL CERVICAL TRACTION GEAR 
The conventional CTG applies approximately equal force to the 
tubes in which the frame fits. (36) Block was one of the first to pub-
lish that a unilateral effect could be created by moving the junction of 
the inner and outer bows further from the center of the face. He also 
reported that the Adam's type offset joint created even more unequal force 
than the conventional offset joint. The stronger force was associated 
with the side of the offset joint. (8) Rubin later tested an offset joint 
on manikins and several patients together with a theoretical computation, 
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only to agree with Block's results. (47) Gould found that the unilateral 
movement due to an offset joint improved when a headcap was used rather 
than the neckstrap, due to greater resistance to displacement. (17) As 
recently as 1966, Greer tested the offset type facebow on a typodont. He 
found that this type gear produced greater unilateral action than the new-
er method of expanding or lengthening one arm of the facebow. He did ad-
mit, however, that expansion or lengthening of the arm did have an effect. 
(20) 
As early as 1959 Drenker claimed that the offset joint was not a 
theoretically correct method unless the joint were knifedge. Since the 
joint was soldered, the site of the joint was irrelevant. (13) According 
to Oosthuizen, the outer bow shape has no effect if the relationship of 
the hook to the site of origin of force remains unaltered. The offset 
joint does not itself alter the angulations of the line of traction, and 
therefore, does not affect the force distribution. (40) Haack explained 
that irregardless of where the rigid attachment was placed, as long as 
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the applied force was symmetrical with respect to the midsaggital plane, 
the reactionary forces on both molars are equal. A fundamental of me-
chanics states that "the internal configuration of a rigid body does not 
affect the distribution of the external forces on the body." (21) 
Haack explained that in order to create a unilateral force, the 
angle formed by the ends of the elastic strap tangent to the neck must be 
such that the bisector of that angle passes closer to the more anterior 
molar than to the more posterior one. Oosthuizen claims that assymetrical 
force delivery is developed by increasing the angle of the line of trac-
tion to the mid.line axis on one side. Greater force will be exerted on 
the molar on the same side. This is accomplished by increasing the length 
of the bow on the side to have the larger force. A second modification for 
assymetrical force deliver, t he lateral bending of one outer arm of the 
face-bow, is capable of affecting only slight changes in the angle of the 
line of traction, according to Oosthuizen. (40) 
Mallin, Rubin, Haack, Baldridge, Boman, and Drenker feel that the 
lateral bending of one arm does produce greater force on the same side. 
(36,47,21,3,13) Most of these authors feel that increased arm length on 
the side to be distalized the most is also a valid approach to the prob-
lem. In an earlier unpublished thesis, Baldridge claimed that the offset 
type joint worked clinically. He later explains the earlier finding with 
the fact that the arm of the offset joint was further from the midsaggital 
plane due to the construction process. (3) 
Baldridge also reported that an earlier unpublished thesis of 
Vernon Boman showed better results with a swivel joint in one arm and the 
opposite side bent out, than only bending one arm laterally. Block suggests 
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still another method of creating unequal force with a symmetrical bow. 
He used unilateral double elastics from the cervical strap to the facebow. 
· Even though theoretically we are dealing with a closed system, friction 
stabilizes a portion of the appliance, so that continuity is somewhat in-
terrupted. (8) Mollin gives two more methods for creating unequal forces. 
One method is to increase the angle of the endpiece of the inner bow be-
fore insertion. This method is especially good if the more posterior 
molar is rotated mesiolingually. When the straight or unaltered end is 
inserted, the angled end lies slightly mesial to the tube, thus creating 
a negative pressure when inserted. The straight end exerts a few more 
ounces of pressure than the angled end. His second ~ethod entails tip-
back bends in the CHG and the intraoral arch on one side only. This pro-
cedure leads to distal tipping of the molar on the altered side, which 
is faster than bodily movement on the opposite side. (36) 
Both Haack and Baldridge agree that the heavier the wire used in 
the facebow construction, the better the results. (3,21 ) As the diameter 
increases, the rigidity also increases. Haack recommends .055 inch inner 
arch wire and .075 inch outer bow wire. The bow should not be allowed to 
touch the cheeks, in order to prevent the creation of excess lateral forces. 
The dimensions of two inches longer and three-quarters of an inch wider 
on the side to be distalized as suggested by Haack, should be measured in 
the activated state, according to Drenker. (13) Haack feels that an opti-
mum ratio of forces on the molars may be 2:1, since there then is no dan-
ger of disengagement of the opposite side. (21) 
The problem associated with developing too eccentric a force is 
the tendency of disengagement from the tubes plus the creation of lateral 
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forces. (21) While lateral forces are undesirable unless one is trying 
to correct a crossbite, they are also unavoidable with assymmetrical me-
chanics. (13) Rubin points out that lateral forces are not created with 
offset joints. (47) This may be indirect evidence that the offset joint 
should not really create unilateral distalizing forces. Haack explains 
that while lateral forces are relatively small, they cannot be eliminated 
completely. He claims that these forces can be manipulated to cause all 
lateral reaction on one side only, by springing the labial erch inward or 
outward. (21) 
Oosthuizen suggests a reason for not readily observing assymmet-
rical force delivery clinically. As lateral forces are increased, the 
total distal . force may in fact decrease. (40) Drenker lists several other 
possible reasons for the unilateral appliance not working. Friction of 
the strap with the neck can cause unequal applied forces. It is therefore 
best to run a finger between the strap and the neck a~er putting on the 
appliance. A very flexible bow or binding of the bow in the tubes can 
also negate the unilateral forces. (13) 
Mollin suggests that specific creation of unilateral or unequal 
forces with the CHG may not even be necessary. He claims that as a bi-
lateral frame is applied to a slightly unilaterally dri~ed molar, the most 
forward tooth will automatically be corrected more rapidly. (36) Graber, 
in turn, explains a unilateral response to a bilateral CHG attached to 
canines. He proposes that the patient slept only on one side. Usually 
this side moved least. If a patient favored one side when eating, this 
side moved least also. (18) Drenker advisedly reminds us that the creation 
of a completely unilateral force is practically impossible. (13) 
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OCCIPITAL HEADGEAR 
The average facial type can accept any type of ext ra-oral force 
according to Creekmore. (11) Armstrong feels that the optimal direction 
of force for most problems is a distal, horizontal direction parallel to 
the occlusal plane. (1) The occipital traction headgear is closest to 
this ideal. Since its directional force is actually about five to ten 
degrees above the occlusal plane, there is an inherent minor tipping and 
intrusive vector. (32,40) The distal vector is as strong, if not stronger, 
than that of the CTG. The percentage of tipping or bodily movement de-
pends on the length of the outer bow. (30) Merrifield feels that the 
occipital headgear is very suitable for long treatment periods. (32) 
Since the intrusive vector allows mandibular clockvise rotation, 
Sassouni recommends this headgear's use. The occipital gear, therefore, 
provides a control over the direction of mandibular growth in both the 
horizontal growth in both the horizontal a.~d vertical directio~s . (48) 
Epstein and Moore are middle of the road, in that they shov no changes in 
the position of the mandible or angulation of the occlusal or palatal planes 
with this headgear. (15,37) Poulton, on the other hand, claimed slight 
downward tipping of the palatal and occlusal planes. (44) This tipping led 
to less forward movement of pogonion and to increase in lower face height.(11) 
Once again, various authors give conflicting views about the sane appliance. 
During mixed and early permanent dentition treatment, ·~oore demon-
strated no effect on normal forward growth of the maxilla, positive inhi-
bition of maxillary denture forward movement, altered eruption pattern of 
maxillary teeth, and slight distalization of maxillary teeth. (37) Poulton 
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agreed that upper tooth buds moved posteriorly the same distance as the 
upper molar roots in every case. (42) Epstein agreed that the normal 
forward movement of the upper molar was retarded and, in fact, could 
actually be moved posteriorly. (15) While Epstein feels that class II 
correction with this headgear is due to uninhibited forward movement of 
the mandible and lower molar, as the upper molar is held in place, Poul-
ton stresses that distal movement of upper teeth is the greates~ part of 
occlusal correction. Poulton, Sassouni, Armstrong, and Klein claim maxil-
lary growth was actually inhibited in contrast to Moore and Epstein (42, 
48,1,28,37,15) 
. 
Tweed advised occipital headgear use directly tb the upper arch 
wire to "move point A posteriorly and reduce the size of ANB." (49) Kuhn 
used a similar style headgear. Angle illustrated this form of headgear 
in 1889. (44) Poulton stresses the importance of using a heavy enough arch 
wire to control the axial inclination of the upper incisors. This gear 
allows upper molar distalization without increase in vertical height. 
Poulton feels that this headgear permits bodily retraction of the upper 
incisor. ( 44) Ricketts has used a combination occipital and highpull 
gear to the upper incisor. The molar was distalized eight milimeters, and 
the incisor retracted bodily by a large amount. (44) 
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HIGH-PULL HEADGEAR 
The parietal or high-pull headgear to the upper first molar has 
its origin of force well above the molar. This headgear exhibits good 
growth control by compressing all three primary growth sutures of the 
maxilla. Therefore, Merrifield feels that it provides better action than 
any other headgear if it is necessary for a growing child to wear a head-
gear for an extended period of time. (32) The high-pull gear provides an 
intrusive force to the molar plus as much distal force as the CHG, ac-
cording to Greenspan. {19) 
Watson's clinical study of the high-pull gear demonstrated dis-
talization of· the maxilla without molar extrusion. SNA reduced about two 
degrees primarily due to maxillary movement. Maxillary depth decrease 
was one indication of distal movement of the maxilla or point A. The up-
per molar was also distalized. Incisor overbite increased due to tipping 
down of the palate in the anterior. The fact that the posterior portion 
of the palate raised, is further indication of molar intrusion. Molar in-
trusion helps correct a class II according to Woodside and Harvold. 
Watson claims that the direction of mandibular response to the 
high-pull headgear depends on the number of teeth banded. If only upper 
first molars are banded, these teeth intrude and the upper second primary 
molars occlude on the lower first permanent molar to cause mandibular back-
ward rotation. If both primary second molars or second premolars and up-
per first molars are banded, there is no mandibular hinging. Banding of 
these two teeth plus the high-pull headgear will also initiate maxillary 
movement. (53) 
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Ricketts and Watson showed mandibular plane closure, decrease in 
face height, and improvement in the facial angle. These results are un-
usual for distal molar and incisal movement. (45,53) Kuhn warns that the 
more the vertical pull, the greater the tendency of the upper first molar 
to roll buccally. He recommends the use of a lingual arch. Kuhn and 
Oosthuizen point out once again the importance of regulation of outer bow 
length and inclination to control tipping. (30,40) The presence of an 
upper second molar will retard distalization, but intrusion of the first 
molar still occurs. (53) 
Schudy and Creek.more designed a high-pull headgear off of the 
upper first molar with the outer bow ending at the anchor tooth. They 
recommended jts use with open-bite and high mandibular plane angle cases. 
(4,11) Barton claims the high-pull gear is the treatment of choice where 
extrusion of molars or incisors is contraindicated. (4) Poulton designed 
a high-pull gear plus face-bow to the upper first molar with outer arms 
bent down and with a spur on the inner bow to engage gingival to the arch 
wire in the incisor area. He used this gear for treating open-bi.te prob-
lems. ( 44) 
The high-pull headgear can also be attached to an arch wire in 
the upper incisor region. The directional force is then about thirty-five 
degrees above the occlusal plane. An intruding and distalizing action is 
then placed in the upper anterior segment. This gear is well suited for 
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incisor intrusion, upper anterior retraction, torque activation, as an aid 
in maintaining stability of the occlusal plane, and for overbite control. 
There is very little distal traction on the upper first molar. (32,44) 
Actually, a minor number of cases can be treated with this headgear alone. 
While Barton feels there is not enough horizontal force to retract inci-
sors in a severe protrusion, Ricketts claims these teeth can be moved 
straight back or up and back. (4,45) Obviously there is little downward 
tipping of the anterior portion of the palate with this gear. As would be 
expected, Barton found that the high-pull gear to the canine region allow-
ed more forward rotation of the mandible than did the CHG. (4) 
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ACTIVATORS 
While activators have enjoyed popularity in Europe for many 
years as a method of correcting skeletal base disha.rnony, its use is 
fast becoming popular among American orthodontists. Harvold found that 
activator therapy does not significantly influence grovth of the mandi-
bular length. (23) Lower teeth do not migrate forward within the mandible 
if the appliance is constructed properly. Harvold also reports no distal 
migration of maxillary teeth nor any change in eruption patterns. He does 
show reduction of the forward growth of the maxilla. There is also de-
finite increase in the height of the mandibular alveolus and hence lower 
face height with Harvold's appliance design. While the activator did 
not increase mandibular length by way of cartilage proliferation and bone 
apposition to the condyles, the norreal growth in mandibular length did 
contribute to the correction of the malocclusion. (23) Activators elimi-
nate occlusal interferences and avoid over eruption of upper ~irst molars 
to allow faster distalization of upper ja~ and teeth. (41) Th:s appli-
ance is contraindicated in large lower face height cases due to its ten-
dency to increase the lower face height. (23) 
Pfeiffer reported on the combination of CHG and activator. (41) 
Among its other advantages, the CHG prevented loss of the activator at 
night. The most striking results of the two appliances toget ~er were re-
duction of the original ANB by one-half of its value, true distal move-
ment of the upper first molar, consistent improve~ent of esthetics, and 
correction of faulty habits. Molar distalization differs froc Harvold's 
results. There was no significant change in the occlusal plane angle. 
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Arch length increased only slightly, since the activator helps upper 
teeth follow the molar. The condyles were well back in the fossa, thus 
preventing the emergence of an unstable pseudo-occlusion. There was no 
significant change in the lower incisor inclination. The interincisal 
angle opened slightly due to the lingual tipping of the upper incisor. 
The Holdaway to NB angle was significantly reduced. Therefore, esthetics 
improved in most cases. 
Pfeiffer feels the combination appliance is indicated in seven 
class II, division 1 malocclusions with deep bite and minor space discrep-
ancy during mixed dentition. He recommends the use of a medium pull head-
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gear instead of CHG for open-bites and high mandibular plane angle cases. 
If there is no space problem, the entire maxilla is moved posteriorly. 
With a space problem, acrylic is selectively trimmed to allow reposition-
ing in the upper molar into class I occlusion first. Pfeiffer reports 
that molars start to distalize within two to three months. (41) 
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ACRYLIC CERVICAL-OCCIPITAL APPLIANCE and NORTHEAST HEADGEAR 
The acrylic cervical-occipital anchorage appliance was first 
introduced by Herbert Margolis. While its initial use was to restrain 
maxillary growth, its chief use today is distal mass movement of buccal 
segments. (5) The ACCO is not claimed to be a universal appliance. Case 
selection is very important. Blafer claims it is best indicated in low 
ANB cases with premaxillary protrusions and good lower arch form. Open-
bite is a contraindication. (7) While it can be used from :f'ull deciduous 
through adult dentitions, cases are usually started as the first premolars 
erupt. 
The ACCO has many advantages according to Bernstein: mass distal 
movement of buccal segments, regaining of lost arch length, bite opening, 
and elimination of heavy reliance on intermaxillary elastics. It can be 
used as a retainer or for applying distal force to either arch. Its main 
disadvantage is the fact that it is a removable appliance. (5) 
A cervical occipital or northwest headgear is used in conjunc-
tion with the acrylic portion. A high-pull headgear could be used instead. 
The headgear employs "J" hooks off of the acrylic covered labial bow. Due 
to the directional pull of the gear, a distal intrusive or counter-clock-
wise rotary movement to the upper arch is induced. (1) The resultant force 
of the springs which are used to distalize individual teeth, will cause the 
anterior teeth to come forward or tip to one side unless the headgear is 
worn at least twelve hours per day with sufficient force. (5) 
Blafer claims that orthopedic changes are possible, if treatment 
is started early and the headgear is worn for a long period of time. (7) 
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Bernstein speaks of point A and the entire maxilla moving posteriorly 
at times. The ACCO can open the bite by distalizing the upper molar 
into the wedge, slight depression of the lower incisor by an anterior 
bite plane or by permitting eruption of upper or lower molars. (6,7) 
• 
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METHODS AND MATERIALS 
This study cons·isted of 32 patients treated either with a uni-
lateral cervical traction gear (11 patients) or an ACCO appliance (21 
patients). Of the 21 ACCO patients, 12 were male and nine were female. 
The age range was 11-13 years with the average age being 12 years old. 
As four patients were monitored for both left and right side distalization, 
there were more molars than subjects in the study. Seventeen right and 
eight le~ side maxillary first molars were studied for a period of 47-
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153 days. The maximum time corresponded to those cases where both right 
and left molars were studied. 
Of the 11 CTG patients, seven were female and four were male. 
While the age range was 8-26 years, most were between 13 and 16 years, 
with the average being 15 years of age. Six right and five left maxillary 
first molars were studied. The range of treatment was 58 to 134 days, the 
average being 104 days. The molars studied were acted upon by a secondary 
force system in six of the eleven cases. 
The cervical gears were applied only on cases which exhibited one 
maxillary first molar three or more milimeters anterior to the first molar 
on the opposite side of the arch. The ACCO cases were composed of both 
unilateral and bilateral molar situations. A bilateral molar relationship 
was used with the ACCO since the appliance was activated against one molar 
at a time. 
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There vas no selection of patients utilizing age or sex as a 
criteria. Maxillary second molars were present in all but one of the 
CTG patients. Second molars were present in all but four of the ACCO 
patients. 
The unilateral cervical gear consisted of a modified version of 
a standard cervical face bow plus a cervical strap (model NWO 100) ob-
tained from Northwest Orthodontics, Inc. The upper first molars were 
banded with buccal tuves (0.050 inch inside diameter). 
The strap consisted of a neck pad plus a plastic and metal spring 
mechanism with the number of ounces of force calibrated on the strap it-
self. The calibrations proved to be accurate when measured against a 
dontrix gauge. The strap was adjusted to provide a force of about 16 to 
24 ounces per side. 
The face bow was a standard Unitek bow with 0.045 inch diameter 
inner arch and a long outer arch of 0.072 inch diameter. The face bow 
was modified as described by Haach and Weinstein. (21) The outer bow on 
the side to be distalized was bent outward ebout three inches from the 
position as delivered from the manufacturer. The opposite side was short-
ened to the level of the first molar and bent inward until just before 
contacting the patients cheek upon activation. 
The patients were instructed to wear the appliance a minimum of 
14 hours per day. The appliances were checked for activation at three to 
four week intervals. 
The ACCO appliance consisted of the acrylic and wire removable and 
a Northwest headgear. The acrylic portion was constructed as described by 
Dr. L. Bernstein. (5) The distalizing spring produced about four ounces 
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of force per activation. The headgear was adjusted so as to produce an 
upward and backward force of about 16 ounces bilaterally. The springs 
and headgears were checked for activity at three to four week intervals. 
Initial cephalometric radiographs and models were obtained on the 
day of appliance placement. Maxillary first molars were fitted with 0.045 
inch stainless steel markers, which were inserted into the buccal tubes 
prior to taking radiographs. A different size and shape marker was used 
for the right and left molar. The exact position of the two molars could 
then be distinguished quite readily on the lateral head radiographs. 
Second radiographs and impressions were taken either after obtain-
ing class I molar position or arbitrarily at the end of the study. Radio-
graphs were ·compared for distalization of the upper first molars, rotation 
of the mandibular plane, upper incisor tipping, lower incisor movement, 
and molar extrusion. The angulations of the upper molars and incisors 
were measured relative to the sella-nasion plane. Lower incisor angulation 
was measured relative to the mandibular plane. The mandibular plane was 
measured relative to the S-N plane. Radiographs were superimposed using 
the S-N plane registered at Sella. 
Models were compared for changes in molar relationships, overjet, 
midline, and molar rotation. 
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RESULTS 
Acrylic Cervical Occipital Appliance: 
The average time required to distalize a molar to class I 
was 72 days. 
The molars were distalized an average of 5.0I!ln. 
There was moderate to severe tipping of the distalized molar 
(range 3.0 to 13.0 degrees; average 9.0 degrees) relative to the S-N 
plane. The degree of tipping increased as the distance that the molar 
was moved increased. Three to four mili~eters of nove~ent resulted in 
5-6 degrees tipping, whereas 6.0mm of movement corresponded to an average 
of twelve degrees tipping. 
In one-half of the cases, the molars showed scne degree of extru-
sion (average 1.0mm). 
There was slight tendency for molar rotation (distal teeing-in 
towards the palatal aspect). 
Dental movement was most rapid when second ~olars were not present . 
The opposite side maxillary first molar showed an average of 1 .0mm 
distalization. 
In all but four cases, the arch length increase was equivalent to 
molar distalization. In the four exceptions, actual tooth ~ovement only 
accounted for an average of two-thirds of the distance needed !or occlusal 
correction. 
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The maxillary incisor tended to tip lingually slightly (two-
thirds of the cases). Rarely did the incisors flare labially (two cases). 
The lower incisor averaged no change in position relative to 
the mandibular plane. 
The mandibular plane rotated clockwise an average of two degrees 
relative to the S-11 plane (range 0-4.0 degrees). 
The midline was effected rarely. In three cases it was shif'ted 
l-2mm to the side opposite to the activated molar. 
Assymmetrical Cervical Traction Gear: 
The molar to which the greater distalizing force was applied, 
moved an average of 2.0mm, with a range of 1.0 to 3.0nun. 
Only rarely was tipping or extrusion evident. The average molar 
tilted minus two degrees (more upright) relative to the S-N plane. 
The opposite side maxillary first molar was distalized an aver-
age of 0.5mm (range of 0-lmm). 
In all cases, the arch length increase was equivalent to molar 
dis tali zation. 
Upper incisors showed only slight lingual tipping in one-third 
of the cases. 
The mandibular plane demonstrated 0-1.0 degree of clockwise 
rotation {average= 0.25 degrees) relative to the S-N plane. 
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DISCUSSION 
There are ~any problems associated with comparison of results 
from person to person and study to study. The amount of tooth movement 
varies with the time of observation, and the duration and intensity of 
therapy. The variability of superimposition techniques can also lead to 
difficulty in comparison of cases and studies. Unlike laboratory animal 
• 
or inanimate experiments, one important factor must be considered in a 
human study~- namely, motivation or cooperation. While it cannot be 
measured in specifics, evaluation of the patient's cooperation must be 
taken into consideration. In general, the more psychologically mature 
the individual, the more complete the results. The best examples of uni-
lateral CTG cases were two very mature young ladies, whose cases were 
far from the easiest to be treated. ACCO cases showed the least unde-
sirable side effects (midline shif't or flaring of upper incisors) on the 
patients who cooperated fully on headgear wear. 
According to Mitani any good investigation on the effects of CTG 
on the position of the maxillary first molar must take growth influences 
into account. (35) Since Merrifield points out that there is rarely over 
5mm of horizontal mandibular growth in a two year treatment period, and 
as this experiment only ran an average of one ·hundred days (154 days maxi-
mum), growth would have a relatively minor effect on the results. (32) 
The same principle would apply to the results from the ACCO study. It is 
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therefore assumed that any changes were due to either tooth or maxilla 
movement and not growth stimulation, inhibition or redirection. 
It is quite evident from the results, that the ACCO appliance 
and NWHG can produce mass distal movement of buccal sugments as Bernstein 
suggested. (5) While the appliance did produce mainly unilateral move-
ment, there was generally minor distalization of the opposite buccal seg-
ment, also. This bilateral movement and the fact that upper incisors 
tended to tip lingually, are most likely due to the distal force of the 
NWHG. Either individual teeth or the entire naxilla ~oved . Ricketts 
points out that while point A is somewhat related to inciscr eruption and 
torque, it is mostly representative of changes in the middle face. (45) As 
point A did ·not seem to be ef~ected by either appliance, one can assume 
that tooth movement is dominant. In fact, direct measurecent of the models 
reveal arch expansion in most cases equivalent to the amount of molar 
distalization. Poulton, Haas, Kloehn, and King also feel that tooth move-
ment plays the greater role in headgear therapy . (42 ,25 ,29,26) 
Where tooth movement was not the total explanation for correction 
of the molar malocclusion, another factor or factors nust have contributed 
to the resolution of the original discrepancy. Either the entire maxilla 
or maxillary alveolus was moved bodily, or growth restriction was a factor. 
As noted previously, the quantity of growth would not be significant enough 
of a factor in this relatively short treatment period. Perhaps in these 
cases, the entire maxilla or solely the maxillary alveolus was in fact ef-
fected by our headgear therapy. Ricketts, Ringenberg and YJ.ein present 
such a theory. (46,45,28) Droschl actually demonstrated such movecent in 
monkeys. (14) 
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As neither the maxillary nor mandibular incisors showed any 
intrusive movements relative to the palatal or mandibular planes, bite 
opening was most likely due to distalization of molars, as advanced by 
Bernstein and Blafer. (5,6,7) The increase in the mandibular plane to 
sella-nasion angle helps support Blafer's suggestion that an open-bite 
tendency is a contraindication to the use of the ACCO. (7) High mandibu-
lar plane angle cases should also contraindicate its use. 
Molar extrusion was either due to incorrect spring activation or 
the lack of posterior occlusion due to the anterior bite plane. Admittedly, 
it is difficult to distinguish a raised mesial marginal ridge due to se-
vere tipping from true extrusion. 
Molar rotation (distal toeing-in towards the palatal) with the 
ACCO appliance was only found to be prevalent when the distalizing springs 
were constructed improperly. When the end of the spring caught onto the 
buccal surface of the molar, rotation tended to occur. 
While it is a subjective judgement, it was determined that the 
NWHG apparently was not worn sufficiently in those cases where the untoward 
reactions of midline shift and flaring labially of upper incisors occurred. 
The assymmetrical CTG at first seems much less efficient than the 
ACCO in terms of molar distalization. However, one must keep in mind that 
the removable appliance created much more molar tipping than did the cervi-
cal gear. While this study did not attempt to distalize purely bodily, the 
clinical set-up was designed to reduce crown tipping. A long outer bow, 
level with the occlusal plane, according to Greenspan, creates a distal 
force with slight distal root torque. (19) In fact, clinically, only one 
case demonstrated very slight distal crown torque. This finding is in 
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agreement with King, Klein and Ringenberg's finding of insignificant dis-
tal tipping of upper molars with the CTG. (26,28,46) It is in contrast to 
Graber and Poulton, who found excessive tipping. (18,44) 
Surprisingly the few cases which exhibited minor extrusion or crown 
tipping were not the cases where the molars were free from any other force 
systems and, therefore, most subject to the unwanted side effects of cer-
vical traction gears. The two instances of extrusion or tipping were cas-
es where the molars were tied to the rest of the teeth by an arch wire. 
The case which demonstrated minor molar extrusion, also showed the 
greatest amount of mandibular plane rotation. As only two cases had man-
dibular plane rotations of 1.0 degree, one might conclude that significant 
amounts of clockwise rotation do not develop from this appliance. This 
is in agreement with Blueher, Sandusky, Ringenberg , Barton, and Weisland-
er. (9,49,46,4,54) 
Ricketts, Ringenberg , and Mitani also demonstrated tipping of the 
maxillary incisors with the use of a CTG, even tho~gh no direct force was 
applied to them. (45,46,35) 
The fact that distalization appeared to be bilateral, if even to 
a minor extent, supports Drenker's statement that a completely unilateral 
force is impossible to attain. (13) In fact, Mallin, Rubin, Haack, Bald-
ridge, and Drenker only predicted "increased" .force on the side of' the 
f'ace bow that had increased outer bow length and increased distance from 
the facial midline. (36,47,21,33,13) They never implied 100 percent 
assymmetric force. A ratio of movement of the molar on the activated side 
as compared to the movement of' the opposite molar should be significant 
e~ough to warrant use of this f'ace bow design in assymmetrical situations. 
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Unfortunately this study did not result in a clear cut answer 
as to which appliance would consistently serve as the clinical treatment 
of choice. In fact, there are advantages and disadvantages to both sys-
tems. 
In low mandibular plane angle cases associated with a deep bite, 
where one upper first molar has undergone slight mesial tipping, the ACCO 
appliance appears to be most useful. This appliance can distalize mol-
ars relatively quickly and over long distances. Once great distances must 
be moved, however, the consequential distal crown tipping must be reckon-
ed with. Maximum anchorage must be maintained to prevent relapse into a 
• 
more upright molar position. For this reason one author recommends over 
correction (class III molar relationship) before discontinuing the appli-
ance. ( 6) 
While the CTG is slower acting than the ACCO, the Kloehn assembly 
does not place the molar in such a vulnerable position. Its slightly 
distal root torquing mechanics, theoretically makes maximum retention or 
overcorrection less of a necessity. In fact, the molar may tend to up-
right with further distal crown movement. The CTG is also quite useful in 
a fully banded case where slight unilateral distalization becomes necessary. 
There are other mechanical approaches to accomplish distal tooth 
movement. One is a sliding jig with class II elastics. In this instance, 
lower arch anchorage strain must then be controlled. Still another approach 
utilized in fully banded situations, is a NWHG serving as anterior anchor-
age against a unilateral open-coil spring, compressed between a stop in 
the arch wire and the molar needing distalization. Even here, class II 
elastics might be necessary as auxiliary anterior anchorage. Neither the 
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CTG nor the ACCO exerts direct force on the lover arch. 
In general, however, for most situations calling for slight to 
moderate unilateral maxillary first molar distalization, the assymmetri-
cal CTG may serve us best due to its ease of construction, patient ac-
ceptance, and clinical results. When more than three to four milimeters 
of movement is necessary, the ACCO appliance should be considered. 
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